Background: Inflammatory bowel disease (IBD) is associated with increased morbidity and incident of colon cancer; however its etiology is still unclear. Currently, one of the most probable pathogenesis patterns is increased permeability of bowel membrane and it seems that oxidative stress plays an important role in this pathway. This study was done to assess the pro-oxidant antioxidant balance (PAB) in these patients. Materials: This was a cross sectional study of 2 groups including 50 patients with diagnosed IBD and 50 healthy controls. Patients were selected purposively from those referring to adult gastroenterology clinic in 2013. SPSS (ver11.5) has been. A P value < 0.05 was regarded as statistically significant. Results: Mean PAB in patients and controls group was 119.98 ± 38.98 HK unite and 52.67 ± 22.80 HK unite, respectively, (P value < 0.001). PAB mean in ulcerative colitis patients was 120.60 ± 33.90 HK unite and in CD patients was 118.20 ± 45.99 HK unite, and showed no significant difference (P value = 0.85). PAB and MDA could detect healthy subjects from IBD patients with sensitivity more that 90% and specificity more than 84%. Conclusion: PAB shifted to pro-oxidants in IBD patients; moreover this shift was unrelated to disease type. These tests could use as screening test.
Introduction
Inflammatory bowel diseases (IBD) are a group of debilitating and chronic diseases consisting of two different phenotypic forms, ulcerative colitis (UC) and Crohn's disease (CD) [1] .
Several epidemiological studies have evaluated prevalence and incidence of IBD in different geographical areas. In North America, the incidence of ulcerative colitis and Crohn's disease were 2.2 -19.2 and 3.1 -20.2 in 100,000 persons per year, respectively. Also the prevalence of ulcerative colitis and Crohn's disease in the adult population of the United States were 238 and 201 in 100,000 individuals [2] .
Despite lots of research done to unravel the pathogenesis and pathophysiology of IBD, but it still has unknown etiology. Researchers have shown that genetic predisposition and inappropriate immune response to intestinal microorganisms and their products are the possible causes of this disease. Increased membrane permeability of the gastrointestinal (GI) tractto bacterial products may also play an important role in progression and initiation of IBD [3] - [9] .
On the other hand, this increase in membrane permeability is due to oxidative stress and pro-inflammatory cytokines such as TNF-α [9] . Although oxygen is necessary for life in aerobes and it is not possible to live without it, but it can also produce life-threatening toxic compounds and reactive oxygen species, which named oxidants. Several human defense mechanisms have evolved to minimize the toxic effects of these compounds. Unfortunately, in some cases these mechanisms are insufficient and cannot fully eliminate the toxic effects and leads to initiation and progression of many diseases such as IBD [10] - [12] .
Generally, an increase in oxidant production or a decrease in antioxidant defense mechanisms is known as oxidative stress [13] - [15] .
Accordingly by the given role of oxidative stress in the pathophysiology of IBD, many studies have done to investigate the pro-oxidant antioxidant imbalance in IBD patients [11] .
So far, these studies evaluated the oxidative stress in IBD patients based on some components of oxidative system such as Malondialdehyde (MDA) or some components of anti-oxidative system such as Myeloperoxidase (MPO) [16] - [21] . But the use of TMB-TMB cation (3,3',5,5'-tetramethylbenzidine and its cation) in Prooxidant antioxidant balance (PAB) assessment [22] seems to has more accuracy than previous methods. So this study is designed to evaluate PAB in IBD patients compared with the control group, and its usefulness in the treatment and management of these patients.
Materials and Methods

Study Settings and Sample Selection
This was a cross sectional two groups study. The case group was chosen using purposive selection from adult patients with IBD that came to Gastroenterology department of Ghaem (POH) and Imam Reza (POH) hospitals Mashhad, Iran in 2013 and control group was selected from patients' non-family escorts, whom were healthy and somewhat similar in terms of according to age and sex.
This study was done for the first time and no similar studies were conducted before and nothing was known about the probable results, therefore these studies was considered as a pilot study, and with regards to all aspects 50 patients and same number of controls that were similar in terms of age and gender were selected.
Inclusion and Exclusion Criteria
Inclusion criteria was having a diagnosed IBD for patients group and consenting to participate in the study for both groups.
Exclusion criteria for both groups were being pregnant, having infectious disease, diabetes, severe cardiovascular disease, renal failure or proctitis, and taking antioxidants or smoking.
Categorization & Disease Classification
A careful history was taken from all patients and illness records and medication histories were also recorded.
Vital signs and symptoms were checked and required tests such as, fasting blood glucose, liver function tests, ESR and CRP were requested.
Based on current colonoscopy and pathology results, patients were further sub grouped into 2 groups; ulcerative colitis (UC) and crohn's disease (CD).
UC patients were further divided into three mild, moderate, and severe groups based on severity of disease based on Truelove and Witts classification. These patients were also classified depending on the extent of involvement into two groups; those that had are involvement before splenic flexure and involvement beyond it. These patients were categorized as severe in terms of the course of disease if they were corticosteroid dependent, had two or more relapses per year, needed intravascular corticosteroid for remission, used thiopurines or antiTNFs or had severe illness.
Crohn patients were divided into three groups considering the extent of involvement; these are involvement of large intestine, involvement of small intestine alone, or involvement of both. In case of normal terminal ileum in colonoscopy, computed tomography (CT) enterography, or small bowel follow-through was used to carefully evaluate small intestine. Crohn patients were categorized severe in terms of the course of disease if they were corticosteroid dependent, had two or more relapses per year, needed intravascular corticosteroid for remission, used thiopurines or anti-TNFs or developed complications of disease such as fistula or obstruction.
Lab Tests
Pro-Oxidant Antioxidant Balance and Serum Malondialdehyde Measurement
In order to evaluate pro-oxidant antioxidant balance (PAB) and serum malondialdehyde (MDA), 5 cc of blood was drawn and necessary measures were taken to prevent the lysis. After being centrifuged for 15 minutes, serum was separated and freezed in −20˚C.
After collecting all samples in order to minimize lab errors, samples were transferred to biochemistry department of Mashhad Buali research institute to evaluate PAB and sent to biochemistry department of Mashhad University of medical sciences to measure serum MDA.
Pro-oxidant antioxidant balance (PAB) was assessed by Tetramethylbenzidine (TMB) in two different reactions; one was enzymatic reaction (in which chromogen was oxidized to cationated TMB by a peroxidase [H2O2]), the other was cation reaction (in which uric acid was reduced by anti-oxidants). PAB was assessed according to the procedure previously used in a study by Alamdari et al. [22] .
Statistical Analysis
In order to compare serum levels of pro-oxidant antioxidant balance (PAB), dependent T test or Mann-Whitney U test were used as needed. To analyze statistical information version 16 of SPSS was used. In all calculations, P value < 0.05 was considered as significant.
Ethical Considerations
The study protocol was approved by the ethics committee of Mashhad University of Medical Sciences. Informed consents were obtained from both patient and control groups. This study was adherent to declaration of Helsinki and clinical good practice (CGP).
Results
Fifty IBD subjects, 37 with ulcerative colitis and 13 with crohn's disease, were in case group.
Control group consisted of 50 healthy people. Patient group included 34 females (68%) and 16 males (32%), whereas 31 females (62%) and 19 males (38%) were in control group (P value = 0.603). UC group consisted of 24 females (65%) and 13 males (35%) whereas CD patients included 10 females (77%) and 3 males (23%).
Mean age in UC group was 31.62 ± 11.68 and in CD group was 31.76 ± 13.82 and 30.46 ± 8.11 in control group and there was no statistically significant difference among the three groups (P value = 0.07) ( Table 1) .
Mean PAB in patients group was 119.98 ± 38.98 HK unite and in control group was 52.67 ± 22.80 HK unite, considering normal distribution of PAB in both patient and control group, T test was used to compare mean PAB in these groups and showed a significant difference (P value < 0.001). In other words, mean PAB was significantly higher in patient group than controls. MDA in patients and controls, their comparison showed significantly higher mean MDA in patients (2.34 ± 0.76 μM/L) than controls (0.94 ± 0.39 μM/L) (P value < 0.001) ( Table 1) . Mean PAB in UC patients were 120.60 ± 33.90 HK unite and in CD patients were 118.20 ± 45.99 HK unite, which showed no statistical significance (P value = 0.85).
This comparison was also done about MDA in both UC and CD patients; Mean MDA in UC group was 2.34 ± 0.79 and in CD group was 2.35 ± 0.67, has no significant difference (P value = 0.74) ( Table 1) .
In UC patients 28 people (75%) had involvement before splenic flexure, 9 people (25%) had involvement beyond that. PAB in patients with pre splenic flexure involvement (left coloitis) was 116.36 ± 38.61 HK unite and in other group was 133.82 ± 28.96 HK unite, with no significant difference (P value = 0.22).
MDA was 2.48 ± 0.88 μM/L in pre splenic flexure involved (left coloitis) group and 2.06 ± 0.36 μM/L in the other group withno significant difference (P value = 0.34) ( Table 1) .
UC patients were categorized into three groups based on severity of their disease. 20 (54%) patients were in mild group, 6 (16%) patients were in moderate group and 11 (30%) patients were in severe group. PAB was measured in these groups and the results were 111/60 ± 37/40 HK unite, 121/60 ± 30/98 HK unite and 136/43 ± 36/43 HK unite, respectively. PAB in these groups showed no significant difference (P value =0.2). MDA were 2/54 ± 0/87 μM/L, 2/13 ± 0/75 μM/L, and 2/10 ± 0/63 μM/L respectively in these groups and MDA had no significant difference between these groupsalso (P value = 0.3) ( Table 1) .
UC patients were categorized in two mild and severe groups based on disease progression. 25 patients (67.6%) were in mild group and 12 patients (32.4%) were in severe group. PAB results were 113.67 ± 36.40 HK unite in mild group and 135.05 ± 35.07 HK unite in severe group no significant difference comparing PAB in two groups (P value = 0.1). Moreover, MDA was measured in these two groups and was 2.45 ± 0.86 μM/L in mild group and 2.10 ± 0.60 μM/L in severe group with no significant difference (P value = 0.39) ( Table 1) . CD patients were categorized into three groups based on extent of involvement, 3 cases (23%) had involvement of small intestine, 3 cases (23%) had involvement of large intestine and 7 cases (54%) had involvement of both organs. PAB was measured in these patients and results were 116.42 ± 35.24, 110.05 ± 38.83 and 122.46 ± 57.07 HK unite, respectively no significant difference (P value = 0.93).
MDA results were 1.94 ± 0.14, 2.01 ± 0.20 and 2.68 ± 0.78 μM/L, respectivelyno significant difference (P value = 0.17) ( Table 1) .
CD patients were sorted in two mild and severe groups based on disease progression; 8 people (61%) were in mild group and 5 people (39%) were in severe group. PAB were 128.61 ± 47.64 and 101.55 ± 42.54 HK unite, respectivelyno significant difference was shown (P value = 0.32). MDA results for these two groups were 2.39 ± 0.81 and 2.30 ± 0.42 μM/L, respectively no significant difference (P value = 0.72) ( Table 1) .
According to the Table 2 and Figure 1 , PAB and MDA sensitivity and specificity for detecting healthy subjects from IBD patients are more that 84%. 
Discussion
In this case-control study we assessed 50 patients with IBD, including 37 patients with ulcerative colitis and 13 with Crohn's disease, as well as 50 healthy subjects as the control group. In the control and case group, 62% and 68% of patients were women respectively. There was no significant difference between the two groups in terms of gender. The mean age of patients in the control and case group was 30.46 ± 8.11 and 31.66 ± 12.13 years respectively with no significant difference in between (P = 0.07). In addition, the mean age of patients with ulcerative colitis and patients with Crohn's disease did not differ statistically (P = 0.68). Mean PAB was 119.98 ± 38.98 HK unite in the case group and 52.67 ± 22.80 HK unite in the control group and because of the PAB normal distribution in both groups, we used T test to compare mean PAB that showed a significant differences between two groups (P < 0.001). In other words, mean PAB in IBD patients was significantly higher than the control group, which means IBD patients had greater levels of oxidants compared with healthy individuals. This result confirms the key role of oxidative stress in IBD pathogenesis.
Since no evidence is reported so far about the pro-oxidant antioxidant balance assessment in IBD patients by means of PAB, so it is not possible to compare the results of this study with others. However, in previous studies, evaluation of other antioxidant markers in IBD patients revealed similar results; an increase in antioxidant markers was seen in IBD patients [15] - [20] [23] .
In addition, we further evaluated the role of oxidative stress in IBD by simultaneously measuring MDA as a marker of oxidative stress to confirm the results obtained from PAB measurement. The mean MDA in control and case groups was 0.94 ± 0.39 and 2.34 ± 0.76 μM/L respectively and there was a statistically significant difference (P < 0.001), which means that the average MDA in patients with IBD was significantly higher than the healthy people were. Achitei et al. in their study also concluded that MDA levels were significantly increased in IBD patients [20] .
In this study, we attempted to examine the relationship between oxidative stress and ulcerative colitis (UC) or Crohn's disease (CD) in IBD patients by comparison of PAB and MDA variables in both groups. Mean PAB in ulcerative colitis and Crohn's disease patients were 120.60 ± 33.9 and 118.20 ± 45.99 HK unite respectively with no significant difference between them (P = 0.85). In addition, comparison of MDA in both UC and CD patients did not show a significant difference (P = 0.74). In other words, according to this study, however, oxidative stress maybe has been linked to the pathogenesis of IBD, but not associated with ulcerative colitis or Crohn's disease.
In order to evaluate the possible association between the extent of inflammatory lesions in UC patients and oxidative stress, these patients were divided into two subgroups; UC patients with inflammatory lesions before and after splenic flexure. 28 patients (75%) had inflammatory lesions limited to the splenic flexure and 9 patients (25%) after the splenic flexure. Mean PAB in UC patients that having inflammatory lesions before the splenic flexure was 116.36 ± 38.61 HK unite and 133.82 ± 28.96 HK unite in the other subgroup. No significant difference was observed (P = 0.22). MDA measurement in these two subgroups also showed no significant difference (p = 0.34). Therefore, by considering these results, no significant correlation was observed between oxidative stress and the extent of inflammatory lesions in UC.
To evaluate the relationship between oxidative stress and the severity of ulcerative colitis, UC patients were classified into three different subgroups: mild (54%), moderate (16%), and severe (30%) according to the Truelove and Witts classification. We did not use the Mayo Score to determine the severity of UC, because the Physician Global Assessment criteria are subjective evaluation criteria. Mean PAB in mild, moderate, and severe subgroups was 116.60 ± 37.40; 121.60 ± 30.98 and 136.43 ± 36.43 HK unite respectively. No significant difference observed between these subgroups by using ANOVA test (P = 0.2). In addition, MDA measurement in these subgroups revealed no difference (P = 0.3).
So, according to the result of our study, no significant correlation was observed between oxidative stress and the severity of ulcerative colitis. Ionnis and his colleagues also showed no significant association between severity of ulcerative colitis and the amount of antioxidants reduction in their study [17] .
In order to assess the association between oxidative stress and progression of ulcerative colitis, UC patients were divided into two different subgroups: slightly progressive (67.6%) and rapidly progressive (32.4%). PAB and MDA measurement showed no significant relationship between these two variables (P = 0.1 and P = 0.39 respectively). Therefore, based on our study, there is no correlation between oxidative stress and progression of ulcerative colitis.
We also decided to investigate the relationship between oxidative stress and the extent of inflammatory lesions in patients with Crohn's disease (CD). We divided them into three subgroups: lesions limited to small intestine (23%), lesions limited to colon (23%) and lesions in both small intestine and colon (54%). Again, PAB and MDA measurement revealed no significant association between these two variables (P = 0.93 and P = 0.17 respectively). Therefore, we conclude that oxidative stress does not associate with extent of inflammatory lesions in CD patients.
CD patients also divided into two different subgroups according to the disease progression: slightly progressive (61%) and rapidly progressive (39%). PAB and MDA measurement showed no association (P = 0.32 and P = 0.72 respectively).
MDA and PAB are good screening tests for detecting suspected patients from healthy subjects, when other differential diagnosis is considered.
Conclusion
We conclude that, in our study, oxidative stress was associated with the pathogenesis of IBD, but with the type of IBD, extent of inflammatory lesions and severity of the disease was not.
